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Objective: National arthroplasty registers are often cited as examples of a non-randomized design that
have made an essential contribution to advances in assessing arthroplasty procedures. We aimed to
compare national registers to randomized controlled trials (RCTs) and meta-analyses in the ﬁeld of
arthroplasty in terms of scientiﬁc production and impact.
Method: We systematically searched Medline via PubMed and the registers’ websites to select all articles
from national registers, RCTs and meta-analyses assessing hip and knee arthroplasty. The scientiﬁc
production and impact were evaluated by number of publications, number of citations (total and the
3-year citation counts), and information on the 2008 journal impact factor (IF), for each design and
identiﬁed articles. We also contacted representatives of all the selected registers to determine the
availability of the data for external research projects.
Results: We retrieved information on 13 active national hip or knee arthroplasty registers; for 9, data were
available for research projects under speciﬁc conditions. Overall, 190 publications in peer-reviewed journals
resulted from national arthroplasty registers, 476 from RCTs, and 40 from meta-analyses. We found 4,112
citations for national register reports, 7,328 for RCT reports and 552 for meta-analysis reports. The median
[interquartile [IQR] range]numberof citations for register, RCTandmeta-analysis reports in the 3-yearperiod
after publication was 3.5 [1.0e6.0], 2.0 [1.0e6.0], and 2.5 [0.5e7.5], respectively.
Conclusion: Publications fromnational registersmay have the highest impact among the 3 designs in terms
of median citation counts, but data from RCTs remain the most productive evidence in the arthroplasty
ﬁeld. Because of the number of patients recruited by registers, the quality of data collected, and the
potential availability of data, scientiﬁc production and impact from national registers should be improved.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Recently, the American Recovery and Reinvestment Act of 2009
allocated $1.1 billion to support a new form of research known as
Comparative Effectiveness Research (CER)1. This initiative insists on
the need to use two broad categories of research that are comple-
mentary: observational research and randomized trials. Despite
a long debate on whether randomized controlled trials (RCTs)




s Research Society International. Pclaim that these different designs should not be in opposition or
classiﬁed in hierarchies of evidence because they are complemen-
tary and answer different questions2,3. In fact, observational studies
have a crucial role in providing an evidential basis for modern
therapeutics4. For example, large national registers provide an
opportunity to link current health care practise to the outcome of
care. These observational research methods have the advantages of
providing real-world information for decision making for a large
number of decisions and outcomes.
National arthroplasty registers are often cited as examples of
a non-randomized design that have contributed to therapeutic
advances especially in orthopaedic surgery5,6. In contrast to RCTs,
registers provide important data on treatment beneﬁt and harm in
the context of usual clinical practise, as well as on long-term and rare
outcomes5,6,7,8,9. Since the creation of the ﬁrst arthroplasty register
(the Swedish Knee Registry), in 1975, registers have become anublished by Elsevier Ltd. All rights reserved.
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more than 30 arthroplasty registers, local, regional or national,
including all kinds of joint replacements, exist worldwide7.
We aimed to compare national arthroplasty registers to RCTs
and meta-analyses on the same topic in terms of scientiﬁc
production and impact evaluated by number of publications,
number of citations, information on the 2008 journal impact factor
(IF) respectively11,12,13,14,15. We also evaluated the availability of the
register data for external research projects.
Methods
Identiﬁcation of national arthroplasty registers
In a ﬁrst step, we identiﬁed and selected all available arthro-
plasty registers. We systematically searched Medline via PubMed
and Google using the keywords “arthroplasty register” or “arthro-
plasty registry”, “joint replacement register” or “joint replacement
registry”. The electronic search was performed in June 2009 and
involved the “Handbook Register Development” ﬁle on the website
of the European Arthroplasty Register (http://www.ear.efort.org),
which contains a list of existing projects with a deadline of 2009.
We also searched and retrieved the reference lists of reports related
to arthroplasty registers known by our team7,8,10,16,17,18. All active
national arthroplasty registers (i.e., register currently including
patients) assessing hip and knee arthroplasty were selected
according to the matrix for datasets by the EU-Project “EUPHORIC”
available on the European Arthroplasty Register website (section
Publications) in the ﬁle “Quality of datasets, Vienna 2009.” The
datasets A.1.1.1 ﬁt our criteria19. Registers evaluating arthroplasties
performed only in the context of fractures were excluded.
Availability of data from registers for research projects
We e-mailed contacts for the national registers to determine
whether the register data could be available for research projects
performed by researchers not involved in the register and the
procedure for accessing these data, as it is the case for registers and
cohorts in other ﬁelds.
We sent two reminders when we obtained no answer.
Scientiﬁc production from national arthroplasty registers
We systematically searched for original scientiﬁc publications
(i.e., reports of studies with a clear objective or hypothesis ana-
lysing data from a national arthroplasty register) resulting from
each selected register. We (1) searched PubMed using the register’s
name and the name of each member of the steering committee as
author with no other limitation, and (2) searched the registers’
websites for annual reports and lists of publications.When no list of
publications was available online, we e-mailed register contacts to
ask for publication lists related to the register. We sent two
reminders when we obtained no answer.
The title and abstract of the retrieved citations were screened by
one of us (PB). When necessary, the full text was retrieved to deter-
mine the eligibility of the article. We selected only original scientiﬁc
publications, indexed in PubMed, and analysing data from a national
hip or knee arthroplasty register (i.e., reporting on the evaluation of
a surgical technique, implant results, or economic and clinical data, or
describing the register). Articles reporting on the register’s devel-
opment (e.g., patients’ eligibility criteria, data collection, data anal-
ysis) were also included. A priori exclusion criteria were original
articles dealing with anaesthesia, thromboprophylaxis, blood loss
management, or rehabilitation; letters; reviews; editorials; news andmeetings; articleswith no abstract; and articles not related to human
subjects or not in English.
Scientiﬁc production from RCTs and meta-analyses
We searched PubMed to identify all articles reporting the results
of RCTs and meta-analyses assessing hip and knee arthroplasty by
using the following terms: “hip arthroplasty” or “hip replacement”
or “hip prosthesis” and “knee arthroplasty” or “knee replacement”
or “knee prosthesis” with a limitation to citations in English, with
abstracts, involving humans, and “RCT” or “meta-analyses” in the
PubMed type of article. The period of study publication was from
January 1, 1980 to December 31, 2008; the ﬁrst article published
from national registers was published in 198020.
The title and abstract of the retrieved citations were screened by
one of us (PB). When necessary, the full text was retrieved to
determine the eligibility of the article. The pre-speciﬁed eligibility
criteria were all articles of RCTs or meta-analyses assessing hip or
knee arthroplasty. Articles dealing with anaesthesia, thrombopro-
phylaxis, blood loss management or rehabilitation were excluded.
Scientiﬁc impact of each design
We searched the Institute for Scientiﬁc Information (ISI) Science
citation index in the Web of Science database (http://isiknowledge.
com) for each identiﬁed article. We collected data on the 2008
journal IF, the number of citations until December 31, 2008, the
3-year citation count after publication and whether the selected
article was among the top 10% most-cited ISI-indexed articles in the
journal Clinical Medicine (i.e., to determine whether the selected
article had more than 10 citations in the ﬁrst 2 years after its
publication)13,21.
Because annual reports from registers should also be considered
scientiﬁc production and as having impact, we systematically
searched Google Scholar (http://scholar.google.com/) to obtain the
number of citations for all annual reports.
Analysis
The citation counts were described with frequencies and
percentages, and quantitative variables were described with means
(standard deviation) or medians (interquartile [IQR] range) and
minimumemaximum values. Statistical analysis involved use of
Prism 4 (GraphPad Software Inc, San Diego, USA).
Results
Arthroplasty registers and availability of data for research projects
We identiﬁed and selected 13 active national registers con-
taining data on hip and/or knee arthroplasties. The Swiss and
French Registers were excluded because they were not active or
were not nationwide registers.
The selected registers contained data on 12,472 to 742,706
arthroplasties. Five registers contained data on more than 100,000
arthroplasties. General characteristics of registers are in Table I. All
selected registers had a website. All published annual reports were
freely available on the websites, and six sites provided lists of
publications (Swedish Knee Arthroplasty Register, Swedish
Hip Arthroplasty Registry, Norwegian Arthroplasty Register, Danish
Hip Arthroplasty Register, New Zealand National Joint Register,
Scottish Arthroplasty Project). We e-mailed contacts for all the
remaining registers (n¼ 7) but did not obtain any publication list.
Of 11 of 13 registers with information on data availability,
for nine the data were available under some conditions
Table I
General characteristics of the 13 national, active hip and knee arthroplasty registers included in the study






Website Availability of data for
external research projects
Swedish knee arthroplasty register 1975 138,255* Yes Yes Open with restrictions{{
Swedish hip arthroplasty register 1979 296,015y Yes Yes No reply
Finnish arthroplasty register 1980 78,175z Yes Yes Open with restrictions
Norwegian arthroplasty register 1987 140,634x Yes Yes Open with restrictions
Danish hip register 1995 71,900k Yes Yes Open with restrictions
Danish knee register 1997 33,681{ Yes Yes Open with restrictions
Australian orthopaedic association national
joint replacement register
1999 472,989# Yes Yes Not available
New Zealand national joint register 1999 80,008** Yes Yes Open with restrictions
Scottish arthroplasty project 1999 12,472yy Yes Yes Open with restrictions
Canadian joint replacement register 2001 60,681zz Yes Yes Not available
Romanian arthroplasty register 2001 46,355xx Yes Yes No reply
England and Wales national joint replacement register 2003 742,706kk Yes Yes Open with restrictions
Slovakian national arthroplasty register 2003 Not available Yes Yes Open with restrictions
* 2008 Swedish knee register annual for primary total arthroplasties.
y 2006 Swedish hip annual.
z Finnish year-book 2006 for hip arthroplasties.
x 2008 Norwegian arthroplasty annual report for primary total hip and knee arthroplasties.
k 2006 Danish hip registry annual report.
{ Danish knee annual report 2006.
# 2009 Australian arthroplasty register annual report for hip and knee arthroplasties.
** 2006 New Zealand annual report for hip and knee arthroplasties.
yy 2009 Scottish arthroplasty register annual report for hip and knee arthroplasties in the 2007e2008 period.
zz 2007 Canadian annual report for hip and knee arthroplasties.
xx Statistics from the Romanian arthroplasty register website on November 1 2009.
kk 2009 England and Wales national joint replacement register annual report for hip and knee arthroplasties.
{{ Restrictions included depending on the national arthroplasty register: preliminary agreement, active participation of the register in publication, no data transfer out of the
country, respect of privacy.
P. Boyer et al. / Osteoarthritis and Cartilage 19 (2011) 858e863860(e.g., preliminary agreement, active participation of the register in
publication, no data transfer out of the country, respect of privacy);
for two, data were not available; and for two, information on
availability was lacking.
Scientiﬁc production
Figure 1 summarizes the publication selection for each design.
The scientiﬁc production for each design is described in Table II, and













Fig. 1. Flow diagram of the articles resulting from natioOverall, 476 publications resulted from RCTs, 40 from meta-
analyses and 201 from national arthroplasty registers (190 publi-
cations in peer-reviewed journals and 11 annual reports). Most
publications from registers were published by the four Scandina-
vian registers: the Swedish Knee Arthroplasty Register (n¼ 54),
Swedish Hip Arthroplasty Register (n¼ 38), Finnish Arthroplasty
Register (n¼ 29), and Norwegian Arthroplasty Register (n¼ 46). In
contrast, no publication resulted from the Romanian Arthroplasty
















nal arthroplasty registers, RCTs and meta-analyses.
Table II
Scientiﬁc impact in terms of publication and citations according to design with the most productive registers. Registers including more than 100,000 arthroplasties are
reported in bold
Number of publications Journal impact factor
Median [IQR], (minemax)




Randomized trials 476 1.9 [1.6e2.2], (0.2e28.4) 7.0 [2.0e20.0], (0e239) 2.0 [1.0e6.0], (0e58)
Meta-analyses 40 2.2 [1.7e3.3], (0.6e31.7) 6.0 [2.0e17.5], (0e168) 2.5 [0.5e7.5], (0e12)
National registers 190 1.8 [1.8e2.2], (0.0e12.8) 13.0 [2.0e31.0], (0e352) 3.5 [1.0e6.0], (0e28)
Swedish knee 54 1.8 [1.8e2.2], (0.7e12.8) 21.5 [9.5e37.5], (0e132) 2.0 [0.0e5.0], (0e13)
Swedish hip 38 1.8 [1.8e2.2], (0.6e7.2) 18.0 [7.5e32.5], (0e352) 4.5 [2.0e9.0], (0e28)
Finnish 29 1.8 [1.7e1.8], (0.0e3.3) 7.5 [1.5e17.0], (0e53) 2.0 [1.0e6.0], (0e17)
Norwegian 46 1.8 [1.8e2.2], (0.0e6.8) 12.0 [1.5e33.5], (0e138) 5.0 [2.0e8.0], (0e14)
Danish hip 8 1.8 [1.8e1.9], (1.8e2.2) 3.5 [0e11.0], (0e32) 3.5 [0.0e6.0], (0e8)
Danish knee 0 e e e
Australian 2 2.3 [2.0e2.7], (3.0e1.6) 3.5 [1.7e5.3], (0.0e7.0) 3.0 [1.5e4.5], (0.0e6.0)
New Zealand 3 1.6 [0.8e1.7], (0.0e1.8) 0.0 e
Scottish 4 1.7 [1.4e2.0], (1.2e2.2) 2.0 [1.0e3.0], (0e4.0) 2.0 [1.0e3.0], (0e4.0)
Canadian 2 1.0 [0.5e1.4], (0.0e1.9) 0.0 e
Romanian 0 e e e
England and Wales 4 1.6 [0.9e4.7], (0.9e12.0) 5.0 [2.3e9.3], (0e16.0) 1.0 [1.0e2.0], (1.0e3.0)
Slovakian 0 e e e
P. Boyer et al. / Osteoarthritis and Cartilage 19 (2011) 858e863 861Until 1994, arthroplasty registers and RCTs produced a similar
number of publications, the number of publications from the latter
design increasing rapidly and becoming two-fold increased in
2008.Whatever the design, more than three-quarters of the articles
were published in orthopaedic journals, and most articles were
published in journals with an IF< 3 (Table II).
Scientiﬁc impact by design
The total number of citations was 4,112 for national register
articles, 7,328 for RCT articles and 552 for meta-analysis articles.
The median [IQR] number of citations for register, RCT and meta-
analysis articles from January 1, 1980 to December 31, 2008 was
13 [2.0e31.0], 7 [2e20] and 6 [2.0e17.5], respectively (Table II). The
median [IQR] number of citations in the 3-year period after publi-
cation was 3.5 [1.0e6.0], 2.0 [1.0e6.0] and 2.5 [0.5e7.5], respec-
tively (Table II).Fig. 2. Cumulative number of publications per year resulting froFifteen RCT articles (3.1%), one meta-analysis (2.5%) and one
article from a national register (0.5%) were in the top 10% most-
cited ISI-indexed articles in Clinical Medicine.
Discussion
This study compared the scientiﬁc production and impact of
national arthroplasty registers to that of RCTs and meta-analyses in
assessing hip and knee arthroplasty. We found the number of
publications from national registers lower than that from RCTs. Over
28 years, 476 RCT publications in peer-reviewed journals appeared,
as compared with 190 register and 40 meta-analyses publications.
All three designs had low impact in terms of median number of
citations and IF (<3). National registers had a highermedian number
of citations than the other designs, but 15 (88%) of the 17 articles in
the top 10% most-cited ISI-indexed articles in Clinical Medicinewere
from RCTs. Publications from national registers may have the highestm national arthroplasty registers, RCTs and meta-analyses.
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but data from RCTs remain the most productive evidence in the
arthroplasty ﬁeld.
These results are consistent with other work on scientiﬁc
production and impact. In 2005, Patsopoulos et al. measured the
citation impact of a sample of 2,646 articles of various study
designs and all medical specialities that were published in 1991
and 2001. Meta-analyses and RCT articles received more citations
than did articles from any other study design13. In 2007, Bhandari
et al. determined the number of citations for all original articles
published in the clinical orthopaedic journal with the highest IF
(Journal Bone and Joint Surgery American) during a 3-year period21.
Articles reporting the results of meta-analyses and RCTs received
more citations than did those from any other type of study design
during the study period. However, these previous studies did not
separately consider national registers or other observational study
designs such as retrospective cohort studies or case-control
studies.
The low scientiﬁc production from national arthroplasty regis-
ters contrasts with the number of arthroplasties included in the
registers, the quality of such data and the availability of these data
for external research projects7. For example, the Swedish Knee
Arthroplasty Register has been active for 30 years; 284,000 primary
total hip arthroplasties are registered, with 100% coverage of
hospitals, 96% for total arthroplasties and 95.8% for hemi-arthro-
plasties at the national level. The primary endpoint is revision of
any component. Register representatives indicated that for well-
deﬁned projects of scientiﬁc interest, the register can co-operate
with foreign researchers to deliver data for speciﬁc analyses.
Despite this opportunity for important scientiﬁc production, we
found only 190 articles in peer-reviewed journals from registers.
Nevertheless, scientiﬁc production from national registers is not
limited to articles in peer-reviewed journals. Many of these regis-
ters have produced articles in, for example, non-indexed journals,
in different languages, as chapters in books, and as Ph.D. theses that
were not taken into account in this comparative study. In addition,
access to register data is often difﬁcult because they deal with
personal data on a national level, which are protected by law.
The updating and management of data in registers is time-
consuming and requires funding22,23,24. For example, in Sweden, the
direct cost of running the Knee Arthroplasty Register was $150,000
USD in 199925 and about $400,000 USD for the Hip Register. This cost
allows for collecting exhaustive data about the implants used,
surgical procedures, patient characteristics and all factors deter-
mining long-term outcome of arthroplasty at a national level9,26.
The development of a speciﬁc research project with data
collection by an RCT is important for therapeutic evaluation.
However, existing data, particularly data of high quality in terms of
representativeness and completeness, such as that from registers,
should be used and analysed. Otherwise, we are wasting research
evidence27.
Most arthroplasty registers have a website, and annual reports
simply present the national average ﬁgures. They also produce
conﬁdential, detailed reports with benchmarks for every depart-
ment of the area. These publications are essentially the main drivers
of feedback and dissemination of register data in the register’s
country. However, scientiﬁc production by publication in peer-
reviewed journals is probably insufﬁcient. An action plan would be
useful to allow better use of these data. Speciﬁc grants would help
alleviate the time needed to analyse and publish the results. National
arthroplasty registers could also improve internal or external
collaboration for analysis of results. Scandinavian registries have
established a common Nordic database to compare demographics
and the results of total hip replacement between different coun-
tries28. As well, the European Federation of National Associations ofOrthopaedics and Traumatology (EFORT) has created the European
Arthroplasty Register to share experiences and data26. Furthermore,
the EU/EFORT project evaluates the quality of datasets for outcome
measurement and provides recommendations19.
This study has several limitations. First we evaluated the
international scientiﬁc production and impact of registers, and
we cannot make conclusions on their impact on clinical practise,
which was probably their main goal initially. In Sweden, for
example, the implementation of a national register with
systematic individual feedback to surgeons and wards has been
suggested to encourage a decrease in local variation in implant
types and surgical techniques used, thus contributing to a low
revision burden in Sweden29. Second, the use of indicators such
as number of PubMed-indexed publications, journal IF and cita-
tion counts according to the ISI Web Of Science has some limi-
tations30. PubMed does not include all article publications. The
journal IFs and citation counts are obtained from the ISI Web of
Science and ISI Web of Knowledge, but not all journals are
indexed31. For example, few publications from non-English
languages are included, and therefore, only 5%e15% of publica-
tions resulting from the Scandinavian arthroplasty registers were
excluded in our study. As well, the 2- or 3-year period set by the
ISI for citations is often considered arbitrary32. Third, these
indicators do not take into account the scientiﬁc impact of the
arthroplasty registers and the annual reports that are freely
downloadable from the websites. Although determining the
accurate number of surgeons reading the reports is difﬁcult,
annual reports are popular because of the data they provide and
their easy and free access26.
Fourth, we did not obtain complete information on external
collaboration. However, we found some evidence of external
collaboration, for example, in publications of the Swedish Hip
Arthroplasty Registry. Finally, another challenging question relates
to the usefulness or clinical relevance of the information from
arthroplasty registers as compared with that from RCTs. For
example the outcome assessed in RCTs may be considered less
relevant than outcomes assessed in national registers. RCTs may
evaluate mainly surrogate or short-term outcomes, whereas
registers evaluate patient-reported outcome or prosthesis survival
with long-term follow-up.
Conclusions
This study compared national arthroplasty registers to RCTs and
meta-analyses in the ﬁeld of orthopaedic surgery in terms of
scientiﬁc production and impact. Data from the observational
method of registers is less often published as compared with that
from RCTs, but register publications are more often cited. The
possibilities for an increase in number of registers and internal and
external collaboration in research projects should improve the
scientiﬁc production and impact of registers.
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